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(54) Tide: ASSAY OR REACTION APPARATUS 




(57) Abstract 

The invention provides an assay or reaction apparatus of modular construct! n permitting true random operation at the 
discretion of the user, in particular, an aut mated multi-test capability assay or reacti n apparatus (1) in modular form, compris- 
ing a reagent and/or assay sample storage module (2, 3), an incubati n module (11), a reaction detection/measurement module 
(17), and means (16) for independently and as desired both transporting an incubati n container (58) between the incubation mo- 
dule (I I) and reaction detection/measurement module ( 1 7) and f r transferring reagents) and/or assay sample(s) between differ* 
•ot modules without m ving reagent(s) and/or assay sample(s) intended for different tests or reactions. 
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ASSAY OR REACTION APPARATUS 

This invention relates to an assay or reaction apparatus. 
The principles of the present invention are of broad 
applicability, but the invention is particularly 

05 

described with reference to immunoassay apparatus 
systems, specifically automated immunoassay apparatus. 
This invention particularly relates to a modular form 
assay or reaction apparatus in which transport and/or 
thermal control is such as to permit true random 

10 

operation at the discretion of the user- It will be 
appreciated that the individual modular constructions of 
the present invention, and the principles revealed 
thereby, are not restricted to immunoassay applications, 
but are of general applicability to systems where careful 

15 

reaction control in a number of respects is important. 

Automated analytical instrumentation for the 
immunochemical testing of samples is well known. 
Typically, a sample of fluid such as human serum, plasma, 

20 

CSF or urine is combined with one or more prepared liquid 
reagents and after appropriate specific time periods have 
elapsed and further reagents added if necessary, one or 
more characteristics of the mixture is observed to 
provide an analytical result. Automation of these tests 

25 

confers advantages over the manual procedures which a 
laboratory technician has to follow, such as improved 
accuracy and precision of control of timings, volumes cf 
fluids, and temperatures, leading to improvements in 
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accuracy and repeatability of the testing. m addition, 
automation of testing can provide results more rapidly 
and more cost-effectively than manual testing. 
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Automated clinical analysers generally provide a means of 
transporting the reaction mixtures of different test 
samples between the various operating stations needed to 
perform the tests. Thus the mixtures are moved between 
positions at which reagent addition, removal, mixing, 
washing, incubation and detection are performed, the 
precise timing and sequence being a function of the type 
of technology being used to conduct the assay. one such 
analyser, the IMx, is sold by Abbott Laboratories. a 
weakness of this instrument is that the sequence of 
movement and timing at each station is the same for all 
samples being analysed, and once started, each test 
progresses in sequence through the system. This, 
combined with the limitation of having reagents stored on 
the instrument for only one type of analysis, restricts 
its application to running pre-defined batches of 
samples, with no flexibility for performing different 
analyses on the same sample. 

Other instruments, such as the SRI sold by Serono 
Diagnostics and the Affinity sold by Becton Dickinson 
(EP-A-223 002) avoid some of these limitations by 
providing the test specific reagents in a unit-dose pack 
which incorporates chambers both for storage of the 
reagents and for performing the test. Such systems 
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permit the individual reaction mixtures to access the 
various workstations at time intervals which are 
independent of each other, and can thus process different 
kinds of tests in any order. 
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A major disadvantage of these random access systems is 
the requirement to have individually packaged test 
specific reagents for each analysis to be performed. 
Typical unit-dose reagent packs have up to 4 separate 
reagents provided therewithin, and whilst seeming 
convenient for the user, this is a very costly way of 
providing the reagents due to high packaging costs, 
excessive volumes of fluids being provided in order to 
guarantee sufficient for running the test, and relatively 
high costs of providing refrigerated storage space due to 
the bulky nature of the packs. Manufacturing and quality 
control of such packs is necessarily complex, batch 
homogeneity being difficult to establish and scrap rates 
can be high. 

A feature of these systems is the positioning of the 
sample/reagent reaction mixture around the periphery of a 
rotatable carousel, this being the means of transporting 
the mixtures to the various operating stations. Movement 
of one mixture to a particular station then displaces all 
other mixtures at the same time; movement which can then 
expose them to varying temperatures and other 
disturbances. Thus, although they are called random 
access analysers, processing of each sampie is not truly 
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independent of all others. Also, scheduling o f tests can 
become restricted if every one o, the test mixtures is 
moved for each operation of each sample. 

It is on. objective of the present invention to overcome 
disadvantages of the above described systems by providino 
the test specific reagents for a variety of different 
tests stored in an apparatus unit in bulk form, and 
configuring the sample/reagent reaction mixture transoort 
system such that a chosen material can be accessed for 
processing in a manner which does not influence the 
others in any way. Bulk storage of reagents on the 
instrument not only improves reagent manufacturing 
efficiency and economics, but allows more reliable 
storage since the temperature can ba controlle<J „„ ^ 
instrument. By disposing with the need for unit-dose 
pecks, improved convenience of sample loading can be 
accommodated by designing the instrument to accept the 
primary draw tubes, which can be sampled for a variety of 
different tests to be performed. 

in general, and without implying ligation of the 
subject matter which makes up the present inventive 
concept solely to what immediately follows, important 
inventive aspects now provided include: 

W A modular form assay or reaction apparatus 
configured as a unit and equipped to be capable of 
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effecting a plurality of tests or reactions, 
comprising means for the storage of sample(s), 
means for the storage of bulk quantities of 
reactant(s), means for taking from bulk quantity 
and dispensing unit quantities of reactant(s), 
means for the transport of reactant(s) and/or 
sample(s), and means for the performance of 
individual reactions or tests selected on a random 
basis without interference with other reactions or 
tests which the apparatus is capable of performing. 

(b) A transport mechanism for use in a single unit 
multi-reaction apparatus or multi-test assay 
apparatus having a plurality of work stations, 
comprising a gantry on which is mounted means for 
carrying fluids and means for carrying a selected 
container from one work station to another within 

^ the unit, both of which means are independently 
movable backwards and forwards along the gantry and 
are capable of independently moving their 
respective loads in at least some directions normal 
thereto . 

(c) An automated multi-test capability assay apparatus 
in modular form, comprising a reagent and/or assay 
sample storage module, an incubation module, a 
reaction detection/measurement module, and means 
for independently and as desired both transporting 
an incubation container between the incubation 
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nodule and reaction detection/measurement nodule a 
for transferring reagent(s) and/or assay sampl e( 
between different modules without moving reagent ( 
and/or assay sample(s, intended for different tests. 

A put-down/pick-up apparatus for reaction/assay^ 
vessels comprising elastic means, for example a 
spring, means for adjusting the tension of the 
elastic means and a plurality of fingers held by 
the elastic means and which can be positionallv 
adjusted by adjustable biasing between a position 
permitting gripping of the vessel therebetween and 
an open non-gripping position by adjustment of the 
tension adjustment means to compress the elastic 
means. 



An apparatus for ensuring solid phase suspension 
in an assay or reaction system, comprising a 
. rotatable support having means for independently 
rotatably mounting a vessel containing assay or 
reaction components, a drive wheel adapted to 
rotate such vessel when present in its mounting, 
and a driving surface of greater circumferential 
dimension than the drive wheel and surrounding the 
drive wheel and engageable therewith such that upon 
rotation of the rotatable support the drive wheel 
is rotated around the driving surface and the 
vessel thus rotated at a rate exceeding the rate of 
rotation of the rotatable support. 



A carousel arrangraent for an assay or reaction 
apparatus, comprising concentrically arranged and 
independently rotatable carousels with at least on 
inner carousel thermally insulated from an outer 
carousel, at least one of the carousels preferably 
being maintained at a controlled sub-ambient 
temperature . 

A modular-form assay or reaction apparatus 
configured as a unit and equipped to be capable of 
effecting a plurality of tests or reactions, 
comprising an optional sample load/unload module 
(present in the case of an assay apparatus) , a 
sample and/or reagent storage module, a reaction 
incubation module, an optional substrate and wash 
module for separation and washing of solid phase, 
an optional detection/ reader module for reaction 
detection and/or measurement, and a transport 
module for transporting an assay or reaction vessel 
between modules, wherein each of the modules, 
optionally with the exception of the sample 
load/unload module (if present), is equipped with 
temperature control means to permit independent 
temperature control of modules in the apparatus. 

An automated immunoassay apparatus individual 
module or work station substantially as hereinafter 
described, with reference to and as illustrated in 
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and optical reading having at least one substantially 

planar surface for entry of a beam of 
electromagnetic radiation and at least one 

-al substantially planar surface for exit of a beam of 

ing electromagnetic radiation, and a second porti n 

05 

a carrying positioning means allowing for precise 

of orientation of the cuvette in a receiver adapted 

:he therefor, optionally the positioning means 

a comprising positioning projections. 

ns 

as i n preferred aspects, the present invention provides a 

system for performing completely automated immunoassays 
which overcomes difficulties associated with previous 
'♦1 systems. The system preferably comprises a stand-alone 

ig unit which incorporates means for sample and reagent 

storage, means for picking-up, transferring and 
dispensing fluids, transport means, incubation means, 
measuring means, washing means, and data reduction means. 
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Such a system is particularly suited to the automation of 
immunoassays which are based on the use of antibody - or 
antigen - coated magnetisable particles as a solid-phase 
for separation of free and bound fractions. The system 
can be configured for all known signal systems 
(colourimetric, enzyme, fluorescence, luminescence, etc.) 
but in particularly preferred embodiments an enzyme tag 
is utilised to generate a signal. A substrate 
may be used which, in c n junction the enzyme, 
generates a fluorescent product as a signal. A 
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case a develop , . ed ' ln "hie.-, 
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Figure 2 shows views of a sample load/unload module in 
accordance with the present inventive concept, and also 
shows views of typical sample tube racks usable in such a 
module. 

Figure 3 shows a section of a reagent storage module in 
accordance with the present inventive concept. 

Figure 4 shows that portion of a transport nodule in 
accordance with the present inventive concept which deals 
with fluid transport, and particularly illustrates a 
sample/ reagent pipette mechanism for fluid transfer. 

Figure 5 shows a substrate and wash module in accordanca 
with the present inventive concept. 

t 

t 

Figure 6 shows a pick-up/put-down apparatus, especially 
adapted for use with reaction cuvettes, and which conform 
part of a transport module in accordance with the present 
invention. 



Figure 7 shows a fluorimeter module in accordance with 
the present inventive concept. 

Figure 8 shows additional detail of the substrate and 
wash module of Figure 5, including various probes for 
aspirating and dispensing material to and from reaction 
cuvettes mounted in the module. 
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Figure 9 shows a side view of an * . 

" lncu ^tion module in 
accordance with the n*-^ n 

the P rese nt inventive concept. 



Figure 10 illustrates 
light pen system f or use in 
concept . 



3 Combin «<* bar-code reader and 
the present inventive 
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A sample carousei (2) which contains tangential slots (7) 
for retaining a multiple of sample tube racks (6), In a 
preferred embodiment there is provision for 2 0 racks on 
the sample carousel and each rack has holes for 4 sample 
tubes of size 8-18 mm diameter and 50-100 mm long. The 
carousel can rotate in both clockwise and anti-clockwise 
directions in a controlled manner . 

A sample load/unload station (4) vhich can accommodate a 
single sample tube rack (6) and where sample tubes can be 
loaded or unloaded into the sample tube rack (6). In 
addition, the sample load/unload station (4) contains a 
means for transporting sample tube racks onto and off of 
the sample carousel (2). 

A reagent carousel (3) which contains multiple locations 
(9) for multi -chambered reagent packs (8) containing bulk 
assay specific reagents for performing multiple tests of 
a particular assay. In a preferred embodiment there are 
locations for 20 reagent packs and each reagent pack 
contains sufficient reagents for 100-200 determinations, 
depending on assay type. The reagent carousel (3) 
contains cooling means for maintaining the temperature of 
the stored reagents at 2-8° so that they may remain on 
the instrument for protracted periods. Although 
concentric with the sample carousel (2) , the reagent 
carousel (3) can rotate independently of it and both can 
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in - a dispense probe for wash buffer (22) or substrate (23) 

as appropriate. 

-tions The substrate and wash station (15) contains means for 

vette maintaining the temperature of the station at a constant 

05 

iding temperature, and for ensuring that all fluids are 

: the dispensed at a constant temperature. The SAW station 

re 4 (15) is enclosed in an insulated chamber (not shown) . In 

ette a preferred embodiment of the invention, the substrate 

and wash station is maintained at a temperature of 3 7°c ± 

10 

to 1°C wash buffer is dispensed at 37°C z 2°C and substrate 

ove at 3 7°C ± 0.2°C. The substrate and wash station contains 

The means for resuspending the magnet isable paricles after 

a addition of fluid, 

-he 

15 

not The detection/reader station (17) contains a chamber (32) 

nt for holding the cuvette (58) for measurement of the end- 

point signal of the reaction. In a preferred embodiment 
of the invention, the reader station is a fluorimeter, 

:e and encompasses probes for addition of stop solution (24) 

20 

^ and aspiration of contents (25) . When a chemiluminescent 

signal system is used, probe (24) may alternatively be 

e used for the addition of reagent designed to cause 

emission of chemiluminescent energy from the contents of 
the assay mixture, eg. luminol with a peracid salt. 

25 



The detection/reader station is contained within an 
insulated chamber (not shown) and includes means to 
maintain the temperature of the station, its contents and 



wr " 16 ~ 



PCT/GB91/OI580 



dispensed fiuids « , conscant cemperature ^ 
preferred embodiment of the mention the temperature „' 
the station and content is maintained at 37<>c ± 10c , tne 
stop fluid is dispensed at 37°c + io c . 

A WlMPPif i^rh n n ln . (1«) which runs above the ether 
modules and carries the sample/reagent pipette mechanism 
US, and the cuvette transport mechanism ( 20) . Tnese ca _ 
move independently i„ . controlled manner along gantrv 
(10, in a x-axis. and encompass means wherebv - he 
operational part of each can move independently in «. v . 
axis. Thus by independent rotation of mechanisms (2 ] . 
(3). and (15), and movement of mechanism (H) in a ,_ 
axis, mechanisms (18) and (20, can access vessels ,(J 
and cuvettes (58, „ han held in locations (_14) anT7^~ 

Samplevreagent pipette mechanism (is, encompasses a probe 
or probes and a pump means whereby samples of assav- 
specific reagents can be dispensed in predeterm.nec 
quantities, and a washing means ,i 9 , to minimise cross- 
contamination of fluids. 

The cuvette transport mechanism ( 20 , contains a grabbe- 
whereby reaction cuvettes ,58, can be securely grabbed 
and placed to facilitate their transfer from module to 

module as required. 

in addition, the invention includes containers for bulk 
common reagents, together wxth dispensing means „ 
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facilitate addition cf fluids to the reaction cuvettes as 
appropriate. In a preferred embodiment of the invention 
this includes a substrate bottle (33) and dispensing pump 
(34) which is connected to wash probes (22) and probe 
wash mechanism (19) by tubing (not shown), a stop 
solution bottle (35) and dispensing pump (36) connected 
to the stop dispense probe (24) by tubing (not shown) . 

Waste fluids from the aspiration probes (21) and (25), 
and from the sample/ reagent pipettor probe wash means 
(19) are transferred to a waste container (39) by pump 
means (40) . 

The electronics are contained in a sealed compartment 
(27) and can include power supply units, computers, disc 
drives etc which control instrument functions, assay data 
reduction and data storage. 

All liquid containers [assay specific reagent pack (8), 
wash buffer container (37), stop buffer container (35) 
and substrate container (33)] are disposable items. Each 
is labelled in a machine-readable form with information 
on component, expiry date, batch number etc which is 
entered into the instrument memory on loading the 
containers onto the instrument. In the case of the 
specific reagent pack (8) additional information encoded 
includes details of dose-response relationship, 
calibrator limits etc. In a preferred embodiment of the 
invention, this information is in the form of a bar-code 
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A suitabie ligh t pen/barcode rM 

is shown in Figure 10 ln * PUrP ° Se 

nuaerais l to 7 in x ^ P19U " Terence 
A to 7, inclusive av« 

ive ' ar ® used which h« 
correspond to S i mjla , do not 

to similarly numbered referent 

other Figures of the «, • " nUl " erals ^ 

U) is confi ^ C ° fflbined 

energised by switch (5 , and " 

and contains an OD rir a , 
(not shown) which i, °Ptical sensor 

ACh 13 se "sitive to both infra-red , • . 
signals reflected from a bar „ ^ 

m a bar code label ( 2 ) an* , • u 
signals emitted from a visual di , 9 

display unit (3) Q f t ha 

apparatus of this invention B 

invention. Bar code label o\ 

example, on a patient ^ 
test and thu« « , articular desired 

— -....i-'^rr::;-"* - - 

Programmed system i™ , h " pre " 

system knowledge of whether a h„, . 

VOU screen cursor position „ " * 

— have b een correctTy d/ ^ 
~~ is decoded via ** ~ *- 

-stated in a „a ' <•> -icn can b e 

a in a manner known in the ar- *nn 

^spiay unit ras ter scan puise im d d V1S " al 

PUise is aecoded into a screen 
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X-Y address by a graphics AT controller (7), which 
controller (7) can again be of conventional construction. 
The p n/reader thus enables an operator to use a single 
hand-held device tc perform two separate operations, each 
of which would normally require different manipulative 
steps. 

The user interface can thus comprise the aforesaid VDU, a 
keyboard, a printer and a combined bar-code reader/ light 
pen as described. Bidirectional communication with host 
or satellite communication is provided by an RS232 pore 
in the electronics pack (27) , and data may be inputted or 
outputted via a floppy or disc drive. The skilled reader 
will appreciate how machine control can be organized. 



Turning now to use of the system, and referring mainly to 
Figures 1 to 9 of the drawings, to perform an assay, a 
sample identifier is entered into the instrument memory 
either from bar-code on the sample tube via a combined 
bar code reader/ light pen or through the keyboard. The 
sample is then placed into the appropriate hole (13) in a 
sample tube rack (6) positioned in the load/unload 
station (4). The hole in which the tube is inserted may 
be marked by an LED adjacent to the appropriate hole, and 
correct insertion confirmed by a detector in the 
load/unload station (4) . 

The assays to be performed on the sample by the 
instrument are then selected from the VDU screen which 
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-«Pl.y. . „en U o£ th . assay specific 

r;:r on the instrunent - -» - - 

U,ht pen /b ar-co de r ead er (S ee bef ore, . when c „ 

aes ir ea,, the load/unload statio „ means M; trans(er ^ 

«.»...! (a) . An eBpty saopie tube rack ^ then 

P».ent ed a t the lMd/unlMd station 

P«ient sa-pie*. Tn . proCMa . s repMted 

positions are full or- i-h~ ~. 

or the supply of samples is exhausted. 
Performance of the as« ue _ 

assays can start immediately sar.oles 
are on the sample carousel < 2 \ s „h ^ 

(2), and when a rack of 
samples has been sampled for assav tho 

tor assay, the sample tube rack 

(«) can be returned to the lo a d/ u„ioa d s ^ ion 
replacement with d i ff erent sa-pies. Addition of further 
s»ples for assav can b , carried ^ -e ^ ^ 

instrument operation t.at vacancies are avaiia bl e on t h e 
sample carousel. 

- Performance o, tne assay may ba entireiy automatic b v tne 

instrument under contmi 

aer control of an m-built computer. 

277 01 sample ind spaciflc r — « 

y t h e sampie tu b . and assay-s P s=i fi c r.,„.„t P ac*s „, 

by the sample/ reagent pipette na> + n , 

p te (1 8 > to a reaction cuvet to 
(58) located in a trav a 2 ) i„ <-k • — >— 

^J^LJJtiLj^^J^^SLtion tray (li). 

Between aliquots of fluid 777^^""°^^-^ - - - -» 

fluid the probes are cleaned bv the 
probe wash means (19) co red,,^ 

) reduce contamination. After an 

incubation period the reaction 

reaction cuvette (58) i s 



transferred to the substrate and wash station (15) by the 
cuvette transport means (20) for washing of the 
magnetisable particle solid-phase to remove unbound 
material and addition of substrate. The cuvette is then 
returned to the cuvette tray (12) in the incubation tray 

(11) . After a period of incubation, the reaction cuvette 
(58) is transferred to the reader station (17) by th 
cuvette transport means (20) for addition of stop 
solution via probe (24) and the signal measured. The 
contents are then aspirated via aspiration probe (25) and 
the empty cuvette returned to the cuvette tray (12). 

when all the reaction cuvettes (58) in a tray (12) have 
been used, the tray and cuvettes can be removed and 
disposed of and then replaced with a fresh cuvette tray 

(12) containing unused cuvettes (58). The signal from 
the fluorescence is transmitted to an in-built computer, 
and the dose of unknown sample calculated from a stored 
dose-response curve. Details of the batch-specific dose 
response curve ' for each assay may be encoded in machine- 
readable form on the specific reagent packs (8) and 
entered into the instrument memory via a combined light 
pen/bar code reader. 

Because of the independant nature of the modules and the 
independent nature of the sample/reagent pipette 
mechanism (18) and cuvette transport mechanism (20), 
virtually any variation of protocol (in terras of order of 
addition of reagents, delayed addition of reagent, 
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immunoincubation times, substrain u 
nnmh Strate incubation times 

number of wash cycles, etc j <. 

7 ' etC ° 15 Possible. specific 

optimised protocol c ■ ■ ' 

protocols can be accomodated which raav be 

entered into the instruct via noppy discs . " 

m Preferred e»bodi n ents of the invention for 2 -site 

i-unoaetric assays for antics, the protocol are of 

the forvard se.juentiai imuno-incuhation type, lm sanple 

« contacted with solid-phase antibody sp . cific co ^ 

anaiyte to be measured and after an Wtlll incubacion , 

second anaiyte-specific antibody iabeUed w ith a sion al 
-iety is added to the incubati<)n ^^^^ ^ 

Period of incubetion allo „ ed priQr tQ ^^^^^ ^ 

« unbound fractions. ln particuiariy preferred 

embodiments the sqHh ~w 

.„«•„- solld -P0as. antibody is a poiyclonal 

antibody and the labeiled antibody is . MonMl 

xs a monoclonal 

antibody. 

.!» what foUows. BO re detailed description win be g iven 

w ith reference t-^ «-w ^ ' 
tence to the drawinos 4 « ~ 

lngs ' ln order to permit 

neater understand^, of the overali structure of an 

-unoassay apparatus in ^ ^ 

invention, and the structure of individual BO dules. it 
shouid be clearly understood that the a„bit of the 
Present inventive concept as such that it inches not 
only novei raod ules or modules havin, si Bilar structure 
(the skilled M n WU1 readUy apprecuce ^ ^^^^ 

the modules of rn** ~ 

of the present invention may be varied to 

suit requirements), but also f ha 

out aiso the use of such nodules, * 
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" irn es, individually or in combination, in reaction apparatus or 

^fic, other assay apparatus. Furthermore, the present 

' r be inventive concept embraces parts and sections of such 
modules which are themselves new. It will thus be 
appreciated that the inventice concept disclosed herein 

05 

Slte addresses not merely a unit machine in modular form 

of concept, but also the parts and sections thereof which go 

n Ple to make up the overall apparatus, 
the 

a In what follows, particular modules/sections of the 

10 

na illustrated apparatus will be considered individually and 

ner thereafter some guidance will be given to electronics and 

Jnd software control, 

-ed 

al Reagent/Sample Carousel (Fig 1, Fig 2 & Fig 3) 

15 

al 

The sample carousel (2) and reagent carousel ( 3 ) are 

concentric, the reagent carousel being the inner one. It 

: * ' is separated from the sampler carousel by a concentric 

* ring carrying thermal insulation ( 5 ) . The reagent 

20 

n carousel is cooled to 4°C.±2°C. Cooling is achieved 

" using 6 five Watt Peltier cooling devices fitted to the 

underside of the carousel housing. Each of these carries 
a heat sink over which air is blown by six individual 
fans. The combined hot air is exhausted from the system 
via a common duct. As ambient air passes over the cooled 
metal underside of the reagent carousel, the floor of the 
unit is so designed that any water condensing on the 
cooled metal is collected in a trough and continuously 
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sucked into system waste concainar(39)! 



are placed into their carousei - 

snaped reagent packs (r\ 

Packs( 8 ) made up of three containers A 

~ iS diVided into two eguai 

;r;; ts(2e s a " to <** - « «- — r , uhile 

the third is a cylindrical 

yimdrxcal container(30) mounted on the 

outer circumference formed by the ^ 

D y the two segments. The 
£*- a*ie (98 , of the container ^ a correspondi 

-«y b ear ln g (99) in the bas . (100) . f ^ ^ 

" VeSSSl «9n. ti c sou, cnaS e 

suspension and is c^.,*, w 

spun by a rubber wheel(101) 

tne shaft fi02i ^ 

SePa " tlng • - Position „ the notor is 

SU ° h * £ri « i0 " *iv. is estabiished betWMn 

»=Ud phase container and the rubber wheel. 

in an aiternative method the soiid phase conta.ner (J0) 

" integral «"* ^ -«"eo into the !o„er part of 
its circumference ths. 

»<=*• This gear meshes with a drive gear 

-nted in the carousei housing so that the container ma y 

. SPUn ^ «• .«"< -teriai prior to 

aspiration. In both fflethods ^ 

a " Pr ° Vided " "» * either a HaU .„.« 

or a renective opto device to ensure that the 
phase is adeguateiv spun be f ore it is sampied. 

c h SSnSO " '« « ^pe supplie d t , RS 

components Ltd. 
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Such independently spinning containers (30) are the 
subject of EP-A-0435481, the entire contents of which are 
incorporated herein by reference. 

The sample carousel has 20 slots (7) arranged tangentially 
around it each of which carries a sample tube rack (6) 
that can carry up to 4 individual sample tubes in holes 
(13) provided. The sample tubes can only be loaded into 
a sample rack (6) when it has been transferred to the 
sample load/unload station(4) under control of the 
computer. The sample rack can accept a wide range of 
sample tube sizes, the diameter cf the actual tube loaded 
will be detected by an electronic tube diameter sizer 
(120) and the size of the tube will be stored in the 
computer . 

This information is required so that the sample probe (46) 
can track the liquid meniscus during the time that the 
sample is being aspirated, in order to mimimize 
contamination of the outside of the probe with the 
sample. The sample load/unload station (4) is covered 
with a transparent hood, and racks can only be 
transported between the load/unload station and the 
sample carousel (2) when this safety hood is closed. The 
station has 4 LEDs(107) by means of which the computer 
can indicate to the operator in which well (13) the sample 
tube should be inserted. As each sample tube well is 
monitored by an optical sensor (106) the computer will not 
accept the sample tube unless it is added to the well 
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indicated by the illuminated LED(107) . 

After a sample rack has been filled and the lid has been 
closed the sample rack carriage (112) is driven along the 
guide bar(108, by the worm drive(109> that is turned by 
the dc motor(lio). The position of the rack can be 
determined by the computer by using the reference 
position slot o P to(H5) and the optical decoder(lii) 
fitted to the motor(llO) shaft. When the carriage has 
^ reached the correct position the solenoid ( 113 ) is 
' switched on and the sample tube rack is gripped by the 
rack clam P (li4). The sample tube rack can now be driver, 
to the carousel and placed in a free slot(7) in tne 
V_ sample carousel (2). 

The sample identification number can be transferred to 
the computer either using the computer keyboard or by 
scanning a barcode label attached to the tube. After 
^this number has been accepted by the computer only a 
short time, typically 5 seconds, is allowed for the 
operator to insert the tube, thus mimimizing the chance 
that the incorrect tube will be inserted. when it is 
necessary to perform a short form recalibration the 
calibrators are provided ready for use in a plastic pack 
which consists of 4 separate plastic tubes joined 
together by a plastic strip across their mouths and 
carrying a special key (n 9 ) that activates a detector 
(118) in the tube rack to inform the computer that a 
recalibration is to be performed. These packs car. 



® 




fCl/OOy I/U13AU 



-27- 



— ^ « « 

the 

by 

be 
ce 
1) 
as 

10 

. p 

e 

15 
20 



contain one to four liquid calibrators that are provided 
in liquid form at the correct dilution for aspiration. 

Incubator (Fig 1, Fig 6 & Fig 9) 

The incubator can carry a maximum of 224 cuvettes (58) 
that are contained in 4 separate 56-place cuvette 
holders (12). These holders are disposable and are 
supplied filled with cuvettes. The cuvette holders sit 
on a thermostated metal plate(ll) that maintains a 
temperature of 37°C +/- i°c in the liquid contained in 
the cuvettes by means of an embedded heater mat (95) that 
is controlled via a thermistor and software servo loop. 
The metal plate is mounted on a carriage (94) that can be 
drived on two rails (26) in the z -direct ion across the 
instrument by means of a dc motor (90) drive by gear 
wheel (93) that meshes into a gear track (86) mounted on 
the chassis (1). The carriage is also capable of mixing 
thli contents of the cuvettes by an gyratory mixing 
action. i The dc motor(91) which powers this orbital 
movement is accurately accelerated, decelerated and 
positioned using an optical decoder on the dc motor shaft 
and a software servo loop. This is necessary in order to 
avoid splashing and to ensure that the grabber arm can 
accurately accesses the cuvettes after shaking. The 
orbital motion is created by driving three axles (S6) by 
means of a belt(92) off the motor(91), these axles fit 
into bearings mounted off center in the three metal 
discs(97) . 
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Saapl /Reagent Probe (Fig l & Fig 



4) 



The sa^re.gent probe is mounte<J on , 

can traverse the gantry in the x . direction ^ ^ 

, i- PropeUed by . dc notor(31) ^ ^ ^ 

software servo Iood usinn 

op using an optical encoder mounted on 

the s haft of the mot or. 

SM " " a9 ' 87 ' " hiCh iS trigger a reference sl ot 

ORto,.., to enable the coputer to esta blish a reference 

x-coordinare for the nr oh a 

r the probe. A gear wheel (42) on the x- 

coordinate mo tor meshes in a gear ^ 
. -e *<* wan of the gantry thug anowing exac ; 
mechanical positioning of the probe. 

The carriage has a second dc motor (44) whi.h 

mwtor(44) which can move the 

Probe up and down the y -axis on a screw driven, . The 
upper position on the y -axis is fl „ d by . reference ^ 
opto, the iower position is ca lcUl ated by tne colter 
^ependi„ g on which container the prober, is accessing 
The prober,. parnan . ntly c „ rj „ , 

receptacle,!,, with it anabling it ^ ^ ^ ^ 
required „ hile the probe is ^ ^ ^ 

outside of the probe is washed b y i„ jac tin g wash 
«uid into the wash receptacle on the left h and side and 

vacuum waste line T hic - 

' ThlS means for Probe decontamination 
as used on instruments manufactured by wilj 
International u k 

for example the SRI system sold bv 
Serono Diagnostics Limited. 
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The inside of the probe is washed by an air segmented 
wash liquid stream through the probe r this is sucked away 
by the same route as the external probe wash liquid. 

When the probe accesses a sample or a reagent for the 
first time is uses its built in capacitive liquid level 
sense detector to detect the level of the liquid thus 
insuring that the probe only enters the liquid to a depth 
of approximately 1mm. The computer stores information 
about the levei of the liquid in the reagent containers 
and thus when the probe revisits the container it does 
not need to liquid level sense again. After the liquid 
has been measured into the probe it is sucked a further 
calculated distance so that the liquid is in the part of 
the probe which is coiled around a 25 watt heater block 
(47) thus allowing it to be heated to 37 1 degrees C. 

The maximum temperature of this heater is controlled to 
40 degrees C in order to prevent thermal degradation of 
either samples or reagents. A modification of the above 
system consists of mounting two such probes on the same 
carriage. The advantage of the two probe system is that 
a longer time exists in each cycle for internal and 
external washing of the probe thus further reducing any 
possible carry over. 



Gantry (Fig 1) 



The gantry (10) forms a heated pathway fcr the 
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-ple/reagent probe and the grabber The ^ ^ 

of the gantry (10) is he „ ed and carr . es ^ ^ ^ 
^own) that insure that no grad . ents J 

across the gantry (10 >. Th e tubes carrying the wash 
liquid, for the internal ana externa probe washes ru „ 
the length or the gantry in good thermal oontaot with the 
bac* plate thus insuring that the „„„ ^ ^ ^ 
cool the probe during washing. 

s»b.tr,t. and wash station (SAB) (p . g x , Fig 5 s p . g g) 

The substrate and wash station ,15, consists 
carousel, 51, around whose circumference four circula- 
cuvette holders, so, are pieced. The nature of the 
anting of holders ,50, in car0 usel ,51, is Material 
provided holders (S0) are independently rotatable: for 
example, carousel ,51, can be designed with shaped recess 
persons corresponding to each holder ,50, and orovide. 
*it» suitable bearings to P er nit rotation. The 
circumference , o, e ach cuvette holder carries a plastic 
cear,48, which Meshes into a Matin, plastic ,ear,4 9 , on 
the internal face of the SA « housing. ThU s when the 
carousel (5 i, rotates the individual cuvette hold.rs,50, 
rotate at a faster speed than the carousel in a type 
Planetary Motion. Potation of carousel ,51, can be 
achieved by any Known Means, and such Means is not 
cntxcal. For exaM Pl e. a centrally located, verticals 
orientated drying shaft (not shown, can be posit-one^ 
through carouse! (sl) and rotated by a Motor (not shown. 
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located at one end of the shaft. By repeatedly reversing 
the direction of travel of the SAW carousel (51) the 
resuspension of the solid phase in the cuvettes after 
magnetic separation is ensured. Apart from rotating 
freely to resuspend the solid phase as described above 

05 

the carousel cuvette positions are interchangeable by 
rotating through 90 degrees. 



The cuvette position that is in line with the grabber arm 
is the pick up/put down station that allows the grabber 

10 

arm to either transfer cuvettes into the SAW or out of 
it. "The next two stations in an anti-clockwise direction 
round the SAW carousel are two identical wash stations. 
These two wash stations and the substrate addition 
station, a further 90° in the anti-clockwise direction 

15 

have powerful permanent magnets (77) mounted close to the 
face of the cuvette to separate the magnetic solid 
phase (104) on to the wall of the cuvette before the 
aspirate cycle. Once the solid phase is pulled to the 
side the aspirate probes (21) are pulled down bv the 

20 

pnuematic cylinder (80) that is controlled by the air flow 
through the two control inlets/outlets (81) . Each 
aspirate probe is rotated to the correct access position 
for the corresponding cuvette during this downward motion 
by a pin (82) that protrudes radially from the cylindrical 

25 

rod(85) that carries the probe. This pin rides in a 
skewed slit (84) in the concentric tube (83) that surrounds 
the rod (85) carrying the pin (82) . The vacuum system is 
switched through an electromagneric valve to aspirate the 
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ODerarior, " hls method c 

operation ensures that- 

"res that the amount of residue , • 
in *-h« residual liouid lef» 

» the cuvette is smail and tn « no " 

The aspirate probes are M ► , " l0 "' 

air ore* * S " itChin ' the 

air pressure to th e pneumatic cv linder(80) . „„„ ^ 

aspirate probes have been parked -k 

moved in to dispense probes are 

aoved lnt ° a position by a ei.ti, 

process. U " Pne -«ic contro! 
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The base (79) of the SAW static 

suation contains 
heater mat(78) which in tended 

J which m conjunction with a 
a software , thermistor and 

oftware servo l oop raaintains CQns 

^thin the SAW station. Tfte ^» 

^«er and the substrate C3rryin9 ^ 

srrate Pass throuoh thic w 
Preheat the l iquids beforfi ^ th » to 

for th- w heating is adequate 

° r WaSh buff ~ but the substrate is h 

370 C+ o.20 C bv - na . 13 brou <?ht to 

- C by passing it through a heated ■• 
probe(23> <-« — . neated aispense 

oe i <!J ) to ensure that- *-k^ 

*- at the „ enzymatic reaction cogences 

at the correct temperature. The use Bf 

a"=«s the paraiiei processing """'""^ 
karate and „ash cvcil ' ""^ ^ «" 

Fluorimeter (Fig i Fin R „. 

1 9 5 ' ^9 6 4 Fig 7) 

The fluorimeter is a solit h - 

split oeam system that uses a l 
Pressure mercury iam P( 7 4) as the li aht 
amount of i ignt en U9ht S ° Urce ' ™e 

9ht Snergy at tn. required wave lenat, - 
365nm is quite small but this is • " 

out this is increased by the use c - 
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either a lamp integral or stand alone phosphor that 
converts the lower wave length energy to the required 
365nm. The light from the lamp can be shut off by 
activating the lamp shutter (75) positioned on the lamp 
housing. The light from the lamp passes through a 
collimator lens (73) and the required wavelength is 
selected by the use of a band pass filter (72 ) . The 
emergent light passes through a lens system(70) that 
focuses the light on the cuvette (58) which is accurately 
positioned in the fluorimeter cuvette holder(32). 
Correct positioning is ensured by the four plastic 
wings (52) on the cuvette that mate into corresponding 
slits in the cuvette holder. In order to reduce the 
amount of stray light that enters the cuvette (58) the 
cuvette holder is covered by the cuvette shutter (68). 
This shutter is moved to the side to allow access for 
the grabber arm (20) to place a cuvette (58) in, or remove 
a cuvette from the cuvette holder. Two-slot optos(53), 
%f the type available from RS Components Ltd, positively 
identify both the open and the closed position of the 
shutter. In order to prevent any damage in the case of a 
shutter failure the shutter is spring loaded to fail 
open. 
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The fluorimeter has its own dispense probe (24) to enable 
the addition of a stop solution for the enzymatic 
reaction should this be necessary. After the reading has 
been completed an aspirate probe(25) sucks the cuvette 
empty ready for return to its position within the 
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incubator /m 

(11,. ™e rluorescen, iight ener?y is 

« »** angles „ tfte incident ^ 

lx*t pa ssing through these fUters faus ^ ^ 

Ph ° tODiltiPlier — > - «" s ional is ratiMd 
with the signal from the refePsnra u 

reference Photoinultiplier 
tube(63). The reference light for thic 

^ splitting off a small 9ht f ° r thls pmt is 

usino a b POrti ° n ° f Prlma ^ >"» 

usxng a beam splitter(7i) . 



Before a measurement can be nado «-k 

6 made the «na?necic particles 
are separated onto the two faces nf «.„ 

„ «. . Iaces of the cuvette that are 

- the optical path . The nagnet<69) coiiec ^ 

-* «- sou, p hase „ ithout it innuance 

this measurement. This nrinr^i 

Principle is an important part o- 
the general inventive concept. 



Underneath the cuvette a drainni7> i m 

in(117) 13 Prided connected 
to the waste container ( 39) thai- < 

' 9) that 13 connected to the wast* 

vacuum pump (40) . 
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for this control is obtained from two LEDs that are 
driven by constant current sources. The fluorimeter 
block has embedded in it a heating mantle (105) and a 
thermistor that allows a software servo loop to maintain 
the unit at 37°c +/- 1. 

Grabber Ana (Fig 1 & Fig 6) 

The grabber arm (20) is mounted on a carriage which can 
traverse the gentry (10) in the x-direction. The carriage 
is propelled by a dc motor(54) which is controlled by a 
software servo loop using an optical encoder (55) mounted 
on the shaft of the motor. The carriage also carries a 
small flag which is used to trigger a reference slot 
opto (89) to enable the computer to establish a reference 
x-coordinate for the grabber arm(20) . A gear wheel (56) 
on the x-coordinate motor meshes in a gear track (43) 

* 

mounted on the back wall of the gantry (10) thus allowing 
the exact mechanical positioning of the grabber arm. 

The carriage also has a second dc motor which can move 
the grabber arm up and down the y-axis on a screw 
drive (57). The upper position on the y-axis is fixed by 
a reference slot opto, the lower position is calculated 
by the computer depending on where the cuvette (58) zo be 
moved is situated. 



The grabber has 4 spring loaded fingers (59) that position 
themselves in the four segments of the circumference of 
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the upper port ion of the cuvette formed by the four 
Plastic wings(52) which radiate from its outer 
circumference. These four fingers are held by a 
spring(60) in the gripping position. The strength of the 
grip can be adjusted by the tension adjuster ( 61) 
positioned above the retaining spring(60) . A cuvette can 
only be released by compressing the spring(60) to open 
the fingers (59). To ensure that the cuvette drops from 
the grabber, a plunger (62) moves vertically down through 
the middle of the four open fingers during a cuvette 
deposition. An optical sensor positioned on the gantry 
detects whether or not the grabber is carrying 1 
cuvette (58). Thus the computer can always check that the 
grabber has correctly collected or deposited a 
cuvette (58). 



Pumps (Fig l) 



Each pump (eg. a Cavropump, consists of a precision 
glass cylinder fitted with a stepper motor driven plastic 
Piston. These stepper motors are controlled by dedicated 
micro controllers that can be used to calibrate the 
delivery volumes exactly and optimise the rates of 
filling and exhausting the required volumes. The maximum 
retracted position of the pistons is detected by suitably 
placed optos. The system uses three cavros(34 , 36, 38) 
for the single probe design and four for the two probe 
one. The operation of the syringe pumps can be seen on 
the SRI instrument sold by Serono Diagnostics Limited. 
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Electronics (Fig 1) 

The system electronics are may be contained in the hinged 
compartment (27) at the back of the instrument. The power 
supply unit is a switched mode one that obviates the 
necessity of using primary mains voltage range switching. 
The computer consists of two pc 20286 processor boards in 
a master slave combination that communicate with one 
another over a RS 2 32 link. The electronics for the 
probe liquid level sense is on a small pcb mounted on the 
probe assembly itself. The rest of the electronics for 
the system is mounted in the main electronics card cage. 

Software 

Obviously, software design is a user choice. However, a 
small part of the system software may be distributed in 
the various dedicated micro processors used in the 
following modules of the system: - 

1) The probe assembly liquid level sense. 

2) The cavro controllers. 

3) The fluorimeter. 

The major part of the system software is used by the two 
pes the system contains. The following is a list of the 
main functions chat -such software can perform- 
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<». co ntrol c;the _ 
« on the monitQr screen Me con&i 

-Light pen/barcode reader. 



Q5 2, System status monitor . ng report . ng> 

3) Resources management and reporting. 

4) Storing and presenting QC data. 

10 

5 ) Scheduling of teste: 

tests according to. information giv .n 
oy the operator. 

6 > Storing and executino i-h~ 

"ting the protocols for each 

chemistry. 

15 

7 ) Storing and monitorina of Ml <u 

"jrmg of calibration curves. 

8 ) Updating- of C alih M ^ 

calibration curves a ff^ 

s a "er running 

calibrators. 
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9 ) Calculat 



ion and 



presentation of results. 



10) servo loop control for the various motors. 

25 U, cabling of intelligent testing and panel testing 
for specific functions. 



12) 



Control of the system during a cold or warn start. 

Error handling. 

Fault handling and diagnosis. 
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CLAIMS : 



1. An catenate, Mlti . tMt capabnity assay _ 
-oOular £ or*. uprising , rMgent and/or asMy samp - 
storage nod ule. an incubation ^ ^ 

d.tection/neasure^nt -oduie, and »eans for indepandently 
«d as desired both transporting an incubation container 
between t h e incubation n oduie and reaction 
detection^easure-ent module and fQr trans(errin(j 

reagents and/or assay S a„ pl e ( s, between di«erent B oduies 

without noving reaqenc/si 

agentfs) and/or assay sample(s) intended 

for different tests. 

2. An assay apparatus as cl ai Md in e ui„ x. wherein the 
transporting n .a„s incorporates a m .chanis» uprising . 
asntry on which is no unte d M ,ns t or carrying fluids and 
-ans for carrying a seiecteci vessel fro™ one station to 
another within the apparatus, both o f which „eans are 

independently movable backwards a «w * 

CKWards and forwards along the 
gantry and are capable of s„h 

apacie of independently moving their 

respective loads i n at i Me , 

at least some directions normal 

thereto. 



3- An assay apparatus as ciaineO in =lai„ a. wherein the 
Means f or carrying fl uids comprises a pipette incorporate 

pump means to permit tairo 

P rmit take-up of and dispensing of fluid, 

and washing means to 



ng 



avoid cross-contamination with 
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pr viously carried fluids. 
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4. An assay apparatus as claimed in claim 2 or claim 3, 
wherein the gantry and/or the means for carrying fluids 
incorporate ( s ) temperature control means. 

5. An assay apparatus as claimed in any one of claims 2 
to 4, wherein the means for carrying a selected vessel is 
adapted to carry reaction cuvettes. 

6. An assay apparatus as claimed in any one of claims 2 
to 5, wherein the means for carrying a selected vessel 
comprises elastic means, for example, a spring, means for 
adjusting the tension of the elastic means, and a plurality 
of movable fingers held by the elastic means and which can 
be positionally adjusted by adjustable biasing between a 
position permitting gripping of the selected container 
therebetween and an open non-gripping position by 
adjustment of the- tension adjusting means to compress the 
elastic means. 

7. An assay apparatus as claimed in claim 6, wherein the 
elastic means is positioned around a plunger which is 
movable to facilitate put-down of a reaction/assay vessel 
when the fingers are positionally adjusted from the 
gripping position to the open non-gripping position. 
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• A" assay apparatus „ =laiBed ^ as 

■>. including apparatus for ensuring solid ' 
suspension comprising . ^ ^ ^ J 

independently rotatab ly mounting . vessel ^ 

or reaction components, a drive „ h(10 , ^ 

arive wheel adapted to rotate 
such vessel when present in its „ ounting , and , driv 

surface of greater circumferential dimension than che drive 

wheel and surrounding the drive wheel and 

. _ wneei and engageable 

here„ lt h such that upon rotati<jn Qf ^ 

the vessel thus rotated , 

rotated a. a rate exceeding the rate c- 

rotation of the rotatable support. 

»• An assay apparatus as claimed in claim .. „ herein thfi 

r0ti " ble SUPP ° rt iS " l ™« "pable of rotating between 
a selected number of positions thereby to move a vessel 
containing assay or reaction components between those 
Positions. fl uid aspirating and /or dispensing mean, beino 
proved adjacent at least some of those positions. 

»• An assay apparatus as claimed in claim a or claim ,. 

ii r :; n the apparatus tor ensuring soud — 

includes magnet means positioned such that when a vessel 
containing assay or reaction components lnc iudino 
agnet.sable solid ph ase material in the vessel is adjacent 
hereto such solid pbase material is attracted and held to 

the vessel wall. 
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11. An assay apparatus as claimed in any one of claims 8 
to 10, wherein the drive wheel is a gear wheel the teeth of 
which engage a correspondingly toothed gear track which 
constitutes the driving surface. 

12. An assay apparatus as claimed in any one of claims 8 
to 11, wherein the rotatable support and the drive wheel 
can be rotated in either direction to facilitate mixing of 
components in the vessel by alteration of rotational 
direction. 



13. An assay apparatus as claimed in any one of claims l 
the to 12, wherein the reagent and/or assay sample storage 

e ^n is module is in the form of a carousel arrangement comprising 
sel concentrically arranged and independently rotatable 

ose carousels with at least one inner carousel thermally 

xng insulated from an outer carousel, at least one of the 

carousels preferably being maintained at a controlled sub- 
20 ambient temperature. 
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14. A modular-form assay or reaction apparatus configured 
as a unit and equipped to be capable of effecting a 
plurality of tests or reactions, comprising an optional 
sample load/unload module (present in the case of an assay 
apparatus) , a sample and/or reagent storage module, a 
reaction incubation module, an optional substrate and wash 
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module £or separation and washing of solid phase. .. 
optional detection/reader module (or reaction detection 
and/or measurement, and a transport module for transports 
an assay or reaction vessel between modules, wherein each 
of the nodules, optionally with the exception of the sample 
load/unload nodule (i, present,, is equipped uit „ 
temperature control means to permit independent temperature 
control of modulas in the apparatus. 

An apparatus as claimed in claim 14, wherein the 
temperature control means include at !east some of reagent 
«oli„a means, incubator temperature control means, means 
for heating to reaction temperature material being 
transported by th. transport module to the reaction 
incubation module, means for maintaining the temperature of 
material at th. substrate and wash module (if present, , and 
».ans for maintaining the temperature i„ the 
detection/reader module (if present,. 



An apparatus as claimed in claim 15 , wherein the 
heating means includes means for preheating aspirated 
sample and reagent for use in an assay. 

17. An apparatus as claimed in claim 15 or claim « 
wherein the heating means included means for maintainina 
the temperature of material during transport thereof. 
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18. An assay apparatus as claimed in any one of claims 1 
to 17, wherein the detection/measurement module includes 
an optionally temperature controlled optical r action 
detection or reading system, comprising means for holding 
a cuvette containing liquid, a source of a predetermined 
defined beam of electromagnetic radiation orientated to 
pass the beam into the cuvette, means for assessing a 
resultant beam after such passage, and magnet means for 
attracting magnetisable solid phase particles in the 
cuvette away from the path of the beam. 

19. An assay apparatus as claimed in any one of claims l 
to 17, wherein the detection/measurement module includes 
an optionally temperature controlled optical reaction 
detection or reading system, comprising means for holding 
a cuvette containing liquid, means for measuring 
electromagnetic radiation emitted from the liquid resulting 
from either passing a source of a predetermined defined 
beam of electromagnetic radiation into the liquid, or from 
addition of reagent capable of causing emission of 
chemiluminescent light from components of the liquid, and 
magnet means for attracting magnetisable solid phase 
particles in the cuvette away from the path of the 
electromagnetic emitted radiation. 

20. An assay apparatus as claimed in any one of claims i 
to 17 incorporating a cuvette suitable for optical reading 
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^ C ° nten " -Prising . , irs _ por .. 

optica: reading having az 9 " lr - tor 

'"face tor entry , -^tantiaUy pianar 

an, at ieast on " ^ " elSCtr 

least one substantial^ planar surface ' 

a bean of electroaagnetic »di.*- 

carrying position and a second portion 

5 Position means allowing tor precis, 
the cuvette in » P«cise orientation of 

omprising positional projections. 

21- Moduiar for* assay or reaction 

as a unit and apparatus configured 

P-a lit yof ir 1 ^ " - — « — a 

— of sa ( ; r r ions ' conprisin9 — '« - 

^"isj, means for the 

quantities of rea „ ° rage of bu l* 

f react *nt(s>, n.eans for takina , 

quantity and di sn *n • 9 r ° m bulk 

— «« t„e rT 9 Unit qUantitiSS " 

— „eans o r ^77 " rea0tint,S, ~'~ — 
*~ -ected J; a ^TT " ~~ » 
o-r reactions or t h T ^ ™ 
peeing. WhlCh ^ SPP ""- " "^ie of 

" ' as claimed i„ clain „ 

--<s)onani„ div :;;;r. to carry rMctant,s) «"* 

"ithin tha unit ^ qHantlty -od-X. 

Without disturbance of anv o th 
reactant(s) or san,pi e < s) or X ° ther 

carried material. 9U " tm " »' «» — 
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23. Apparatus as claim d in claim 21 or claim 22, wherein 
the transport means comprises a gantry on which is mounted 
means for carrying fluids and means for carrying a selected 

5 vessel from one station to another within the unit, both of 

which means are independently movable backwards and 
forwards along the gantry and are capable of independently 
moving their respective loads in at least some directions 
normal thereto. 

10 

24. Apparatus as claimed in claim 23, wherein the means 
for carrying fluids comprises a pipette incorporating pump 
means to permit take-up of and dispensing of fluid, and 
washing means to avoid cross-contamination with previously 

15 carried fluids. 

25. Apparatus as claimed in any one of claims 21 to 24, 
wher%in the transport means incorporates temperature 
control means to' minimize temperature variation during 

20 transport and/ or to ensure that any reactant and/ or sample 

required for a particular test or reaction is substantially 
at a desired reaction temperature before reaction/test 
performance, 

25 26. Apparatus as claimed in any one of claims 23 to 25, 

wherein the means for carrying a selected vessel comprises 
elastic means, for example, a spring, means for adjusting 
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Of i 

i 



the tension o£ the elascic ^ ^ ^ 
-vable fin^rs held by the ela „ ic ^ ^ ^ ^ J 
positional^ adjusted by adjustable b . as . ng between * 
position pectin, g rippi ng 0 f the seiected container 
therebetween and an open non- g rippi„ g position by ] 
adjusanent or the tension adjustin, neans to co-press the : 
elastic means. 

™. An automated immunoassay app „ atus coniprising 
apparatus as defined in any one of clains 1 ^ ^ 
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FIG.7 
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